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In recent years tlie use of Scotch pine {Finns sylvestris L.) for
Christmas trees has been increasing steadily. In 1960 the species con-
tributed approximately 17 per cent of the total number of trees used in
this country, ranking second behind Douglas-fir which contributed 23
per cent of the total (Sowder, 1961). In 1962 Scotch pine for the first
time was the leading contributor of Christmas tree sales, with over 7
million trees harvested, or approximately 21 per cent of the total (Sow-
der, 1963), and by 1964 the figure had risen to over 9 million trees and
27 per cent of the total. Essentially all Scotch pine harvested for Christ-
mas trees comes from plantations established exclusively or primarily for
use as Christmas trees, while nearly all Douglas-fir harvested comes from
natural or wild stands.
Scotch pine is native over a wide geographic area in Europe and
Asia, reaching from above the Arctic Circle in the north to Spain and
Turkey in the south, and from Scotland in the west nearly to the Pacific
Ocean in the east. Within this extensive range, rather distinct patterns of
variation in the species exist. Wright and Bull (1963) recognized at
least 14 geographic ecotypes of Scotch pine, differing in such character-
istics as needle length, growth rate, winter foliage coloration, length of
growing season, and other characters.
After an initial establishment period of one to four years after plant-
ing, during which seedlings are developing an extensive root system,
Scotch pine usually grows so rapidly that long intemodes between
whorls of limbs and laterals of varying length give the trees an irregular
appearance ( Figure 1 ) . Without pruning or shearing' it is probable that
only 30 to 40 per cent of those trees planted will be of saleable quality,
whereas with shearing the number of saleable trees can be increased
to 80 or 90 per cent of the total planted ( Figure 2 ) . It has been demon-
strated by a number of studies that results of pruning may var\^ con-
iln this bulletin the terms shearing and pruning are used interchangeabh- with no dis-
tinction between the t\^'o.
siderably, depending upon the time of year when shearing was carried
out (Brown, 1960; Brown, 1964; and Larsson, 1961).
In the study by Brown ( 1964 ) it was shown that results of pruning
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ences in temperature and precipitation from one growing season to an-
other. Since there is such a great diversity in the range and character-
istics of Scotch pine, it seemed probable that the different ecotypes or
races might also react differently to various cultural treatments, espe-
cially pruning. The purpose of the study reported here was to determine
if differences could be detected in the results from pruning Scotch pine
of different geographic origins at different times during the summer.
PROCEDURE
The plantation used in this study is located near Keysers Ridge in
Garrett County, Maryland. Tlie trees were planted in the spring of 1956
using plants grown from seed obtained from stands of five origins in
Europe, as indicated in Table 1. Although exact data concerning eleva-
tion, latitude, and longitude of origin were not available for the seed, it
was possible to link four of the sources rather closely to sources or eco-
types described by Wright and Baldwin ( 1957 ) and/or Wright and Bull
(1963).
Tlie south-Swedish source used in this study conforms closely in a
number of characteristics with those of the south or south-central Scan-
danavian ecotypes (Ecotypes C and D) described in the above men-
tioned papers. The Austrian source probably originated from stands in
the area of central Europe designated as Ecotype G in both of the above
mentioned papers. The French seed source used was from the province
of Haute Loire in the central Massif of France. This conforms closely to
the south French Ecotype M described by Wright and Bull. The Scotch
Highlands source apparently originated from the rather limited stands
in Scotland, designated by Wright and Baldwin as Ecotype E and by
Wright and Bull as Ecotype L.
Neither of the studies reported above had included Scotch pine of
Swiss origin, so that the source used in this study could not be tied
definitely to those described by Wright and Baldwin or Wright and Bull.
However, characteristics of the trees, including growth rates and foliage
characteristics, would indicate a type not closely related to any of the
described ecotypes which immediately surround Switzerland (Ecotypes
G,H,M, and J of Wright and Bull and Ecotypes G,H, and J of Wright
and Baldwin). In addition, winter foliage coloration of the Swiss source
trees was somewhat more yellow than any of the central European types
and was much more yellow than the south French Ecotype M described
by Wright and Bull. It seems probable that the Swiss source used came
TABLE 1
Seed sources used in pruning study and probable correlations
with known seed sources
Probable Correlation of Source Used With Ecotype and
Country and/or Area Area as Designated by:
of Origin of Trees
Used in Pruning Study Wright and Baldwin
(1957) Wright and Bull (1963)
South Sweden Southern Scandanavia; Southern Scandanavia;
Ecotype C or D Ecotype C or D
Scottish Highlands Scotland, Ecotype E Scotland, Ecotype L
Swiss Alps Not Included in Study Not Included in Study
Austria Germany, Poland, etc., Germany, Czechoslovakia,
Ecotype G etc.; Ecotj'pe G
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from stands in the Alps which had either been sufficiently isolated to
produce a type distinctly different from those surrounding countries, or
that sampling in the previous studies was insufficient to reveal any
clinal trend which might exist between the described types and the one
used in this particular study.
Trees from each seed source were pruned bi-monthly during the
summers of 1961 and 1962, beginning in early-June and continuing until
early-September. In addition, one group of trees from each seed source
was left as unpruned controls. A split-plot experimental design with two
tree plots and five replications was used, with the eight times of prun-
ing (including controls) being tlie main plot effect and the five seed
sources as tlie sub-plot. A summary of the analyses of variance for main
effects and for all interactions for tlie variables studied is shown in
Appendix Table 1.
In pruning, new terminal shoots were cut to lengths of approxi-
mately 9 to 12 inches and laterals were cut to varying lengths to produce
a symmetrical and nearly cone-shaped tree. Cuts on terminals were made
at angles of approximately 45 to 60 degrees in order to minimize the
number of trees which developed multiple terminals (Brown, 1961). Fol-
lowing pruning, adventitious buds formed at the bases of needle fascicles
as sho\\ai in Figure 3, and the following year new limbs—both whorl and
terminal—developed from these buds.
Information was collected concerning number of buds formed, total
number of limbs formed, number of effective limbs formed (those which
actually contribute to the foliage density of the trees as shown in Figure
4), and new tenninal growth on all pruned and unpruned trees. The
FIGURE 4
Limb development fol-
lowing pruning of a
Scotch pine terminal,
showing the presence of
several small limbs
which will never devel-
op sufficiently to con-
tribute to the foliage
density of the tree.
data for number of buds were collected in the fall of the year in which
pruning was carried out. Information on total number of limbs which
developed from these buds and for shoot growth was taken at the end
of the summer following pruning (as, for example, in September 1963
for trees sheared in 1962). Counts of number of effective limbs were
made in 1964, three and two years, respectively, after the 1961 and 1962
shearings. In subsequent analyses, only the number of effective limbs
and terminal growth were subjected to analyses of variance. Tliis pro-
cedure was followed because it had been shown earlier (Brown, 1964)
that these two factors were probably most important in affecting proper
development of well-sheared Christmas trees. In discussions that follow,
only these two factors are considered.
RESULTS
Brown (1964) showed that rather distinct patterns of bud set, limb
formation and shoot growth developed on Scotch pine stems pruned at
different times during the summer and that these patterns varied some-
what depending on weather conditions prevailing during tlie early part
of the growing season. The study reported here revealed similar trends,
but in addition showed that the origin of the seed can also greatly in-
fluence the patterns of limb development and shoot growth. These trends
are discussed in detail in the sections that follow.
Effect of Time of Pruning on Effective Limb Formation
As shown in Table 2 and Figure 5, the number of effective limbs
formed on pruned stems varied considerably depending on time of shear-
ing during the summer. In general, numbers of limbs were greatest after
early-June to mid-July prunings, and then decreased constantly as shear-
ing was done later in the summer. The analysis of variance (Appendix
Table 1) showed that these differences were highly significant. In mak-
ing comparisons among all means using the Least Significant Differences
(LSD) technique, it was found that the early summer prunings (early-
June to early-July) produced significantly greater numbers of effective
limbs than did prunings made later in the summer and also that these
numbers were significantly greater than those on unpruned controls. Re-
sults from these early season prunings were not significantly different
from each other, however. In comparing results from prunings made later
in the summer ( mid-July or later ) , significant differences were found for
all possible comparisons, and in all cases except those for early-Septem-
ber prunings, the number of limbs were greater on pruned trees than on
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significant reduction in the number of effective limbs on pruned, as com-
pared to control, trees.
Appendix Table 1 also shows that highly significant differences re-
sulted from prunings of different seed sources. In making all possible
comparisons among means (LSD), however, it was found that this vari-
1961
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ance was due primarily to higher numbers of effective Hmbs formed on
the two most southerly seed sources (France and Switzerland) in com-
parison with those from other portions of the range, particularly those
from Sweden.
As shown in Appendix Table 1, results during different years can
also be significantly different, with the number of effective limbs formed
on pruned trees in 1961 being greater tlian those formed on trees pruned
in 1962. Two factors can probably account for this. First, as indicated in
Table 3, 1961 had a particularly late growing season and because of this,
late season pruning resulted in a higher number of limbs in 1961 than in
1962. A second probable reason is that the number of effective limbs
formed after first prunings is generally greater than the number formed
after second prunings on the same trees (Brown, 1964). Tlie trees used
in this study received their initial prunings in 1961 and were sheared
for
the second time in 1962.
Of probably even more importance than comparisons of results be-
t\veen main effects (time of pruning, seed sources, and years) alone, is
that significant time-seed source and year-time interactions were
found.
Thus results varied depending on the particular combination of time
of
pruning, seed source, and year being considered. This can be seen easily
in Figure 5, where, for example, in 1961 the maximum number of effec-
tive limbs which formed on Swedish source trees was found on those
pruned in early- to mid-June while on Austrian trees, maximums were
essentially equal on trees pruned from early-June to mid-July. On trees
of the other three sources there were definite trends of increasing
num-
bers of effective limbs on trees pruned up to mid-July and then a
de-
cided decrease in numbers of trees pruned later in the summer. In 1962,
trends were considerably different with periods of maximum limb forma-
tion being shifted to a time from two weeks to a month earlier in
the
summer. As a result, maximum numbers of effective limbs were found
on Swedish and Austrian trees pruned in early-June, while
maximum
numbers on Scottish, Swiss, and French trees were found on trees
sheared
in mid-June.
Terminal Growth After Pruning
Table 4 and Figure 6A and 6B summarize tlie results for terminal
growth on the sheared stems of the different origins of Scotch
pine. In
general, development of new terminal shoots on pruned trees followed
a
pattern similar to that discussed previously for effective
limb develop-
ment, with tlie major exception being that maximum stem elongation
was
usually found on trees pruned approximately two weeks
earlier than
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Appendix Table 1, all main effects (time of pruning, seed source, and
year), as well as all interactions (time-seed source, time-year, seed
source-year, and time-year-seed source), were found to give highly sig-
nificant differences in results.
In making all possible comparisons (LSD) among means for differ-
ent times of pruning during the summer, all differences were found to
be significantly different, except for that between early- and mid-June
shearings. It was also found that in every case the growth of unpruned
control trees was significantly greater than that on pruned trees, with
the reduction in growth being increasingly greater as trees were pruned
later in the summer. For example, the growth on trees pruned in early-
June was approximately 84 per cent as great as that on unpruned trees;
that on trees sheared in mid-July was only approximately 56 per cent as
great; and trees pruned in early-September had only 13 per cent as much
shoot elongation as did unpruned control trees (Figure 6B).
Least significant difference comparisons of terminal growth on trees
of different seed sources revealed a pattern which appears to have re-
sulted from a combination of two factors—differences in reaction to time
of pruning (seed source-time interaction) and growth rates of the
sources used in the study. Maximum growth was found on the Austrian
and Scottish sources, the two whose trees were largest when the study
was initiated in 1961. However, the French source trees showed more
shoot growth after pruning than did either the Swedish or Swiss sources,
despite the fact that French source trees were the smallest at the time
the study was started. Apparently greater amounts of elongation on mid-
to late-summer pruned French source trees, as compared to that on Swiss
and Swedish trees, accounted for the higher average terminal growth of
the French origin.
Of importance also is the fact that the exact pattern of growth varied
considerably, depending on the seed source being considered. In 1961,
for example, Swedish source trees showed maximum growth on trees
pruned in early-June, with a constant decrease in elongation on trees
pruned progressively later in tlie summer. French source trees, on the
other hand, showed a pattern with maximum growtli on trees sheared in
early-June, with declining growth on trees pruned after this time. Tlie
other three sources showed patterns which varied between these two
extremes. The Austrian trees had approximately equal growth on trees
pruned in early- and mid-June, with decreasing elongation after this
time, while growth on Scottish and Swiss source trees increased slightly
from early- to mid-June and then showed decreasing growth from later
shearings. In 1962, the Swedish and Austrian source trees displayed
similar patterns, with decreasing growth on trees pruned after early-June,
15
while the Scottish, Swiss, and French source trees showed generally
similar patterns of equal or slightly increasing growth on early- and mid-
June sheared trees, followed by decreasing elongation on trees pruned
from early-July to early-September.
The greater growth in 1961 and in 1962 can probably also be related
to a combination of factors. In part, the reduction in growth in 1962, as
1961.
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compared to 1961, can be accounted for by differences in reaction of
trees the first time they are pruned as opposed to second or later shear-
ing. As pointed out with reference to effective Hmb development, initial
prunings can give better results than later prvmings on the same trees
(Brown, 1964). The second factor which appears to have contributed to
the greater growth in 1961 than in 1962 is the significant differences in
reactions of the various seed sources, as discussed above and as evi-
1961
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denced by the year-seed source and year-seed source-time interactions
(Appendix Table 1). Figure 6A illustrates this, where it may be seen
that the later growing season in 1961 ( Table 3 ) resulted in considerably
greater growth after mid- to late-summer prunings of the more southerly
French, Swiss, and Scottish origins than was the case witli the Swedish
and Austrian source trees.
DISCUSSION
The different patterns of effective limb and terminal development
outlined for the Scotch pine origins used in this study can be quite im-
portant to the Christmas tree grower. A number of studies have pointed
out that there is a rather limited period during which optimum results
can be obtained from shearing of pines, including Scotch pine. The study
reported here further shows that this optimum time of pruning is not the
same for all seed sources of Scotch pine, nor is it the same every year.
A definite trend was illustrated, showing that the more southerly
the origin of the seed of Scotch pine, or possibly the higher the average
annual temperature of the place of origin, the better are the results from
prunings made during mid- to late-summer. This can be of importance to
the grower, for if he is working with a northern origin, such as the Swed-
ish one used here, it would be best to complete pruning of the trees
quite early in the summer. However, if areas from a more southerly
origin are being used, such as those from the Central Massif of France,
the grower can logically expect to obtain reasonably good results from
prunings made somewhat later, say up to early- to mid-July, with the
exact results depending on the particular year. This added two weeks
to a month during which results of pruning can be expected to be at or
near optimum can be very helpful, particularly if tlie grower has a large
number of trees which must be sheared.
These factors can also be important in working with young trees
which are just coming up to a height where pruning is needed. If a
northern origin is pruned in early-June, for example, growth the follow-
ing year might well be only 55 to 60 per cent that on unpruned trees
( Figure 6B ) . If trees just becoming large enough to be sheared ^^'ould
nonnally grow only 12 to 16 inches without pruning, growth the year
after pruning might be so greatly reduced as to leave terminals which
were not large enough for pruning in the second year. In working with
a southern source, however, growth after an early-July pruning might be
expected to be considerably greater, say from 70 to 90 per cent ( Figure
6B) of that on unpruned controls. In this case, shoot growth on smaller
trees the year after pruning might still be sufficient to allo\\' for normal
pruning the second year.
18
FIGURE 7
Terminal growth in Scotch pine pruned at four different times
during the
summer. The tree at the top left was pruned in early-June; the one at the top
right was pruned in early-July; the one at the bottom left was pruned in early-
August; and the one at the bottom right was pruned in early-September.
19
There is a logical explanation why results of prunings vary in the
manner that tliey do. Brown ( 1964 ) showed that results of shearing are
well correlated with stage of development of the cut stems, and that op-
timum results are obtained if shearing is done at the time when new
shoots begin to harden-off. A number of studies have shown that the
exact growth pattern of trees will \^ary with seed source, and generally
that the more southerly origins of a given species grow somewhat later
in the summer than do northern origins of the same species. For example,
Santamour (1960) in working with eastern white pine (Pinus sirobiis
L. ) found that a source originating from Quebec had completed terminal
shoot gro\\i:h by May 25, 1959, a Minnesota origin did not complete
shoot growth until June first, and that the most southerly origin used,
one from Georgia, grew until June 15. Wright and Bull ( 1963 ) reported
variation of over two months in date of first year bud foniiation between
the most northerly and southerly sources of Scotch pine used in tlieir
study, with north-Scandanavian trees forming terminal buds in mid-June,
while Spanish sources did not form terminal buds until early-September.
In 1963, periodic measurements of terminal elongation taken on
trees from the plantation used in this study showed pronounced differ-
ences in both growth patterns and length of growth period of Scotch
pine. As shown in Table 5 and Figure 8, terminal elongation on Swedish
source trees was slowing down by late May and was essentially com-
pleted by mid-June. Trees of the French source, on the other hand, were
still growing quite rapidly in height until after mid-June and total elon-
gation was not completed until approximately the first of July. The other
three sources had completion dates for shoot growth which were inter-
mediate between diese two, but which were fairly well correlated with
latitude or climate of origin. For example, the Austrian source showed
the greatest total growth in 1963, but an examination of the growth
curves indicated that elongation had begun to slow down by approxi-
mately the third week in June and was completed by about June 25. The
Scottish and Swiss sources, on the other hand, had less total elongation,
but apparently grew somewhat longer.
The exact growth patterns were also quite interesting. The Swedish
source showed the most rapid initial growth, but as indicated pre\iously,
began to slow down and completed growth quite early. French source
trees, however, started elongation somewhat more slowly, as shown in
Table 5 and Figure 8, finally equaled the growth on S\\'edish trees about
the tenth of June, and then continued shoot elongation considerably
later into June or early-July, with total growth for the season being
nearly 25 per cent greater dian diat on the Swedish source trees. The
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TABLE 5
Cumulative height growth of five geographic origins of
Scotch Pine during the summer of 1963
Cumulative Terminal Elongation in Inches for Source
Date Sweden Austria Scotland Switzerland France
April 12 OOO OOO OOO OOO 0.00
16 0.39 0.42 0.41 0.57 0.55
20 0.91 0.92 0.69 0.96 0.86
2.3 1.35 1.17 0.81 1.14 0.98
27 1.65 1.40 0.90 1.42 1.12
Mav 5 2.60 2.12 1.17 2.16 1.49
' 11 5.80 4.89 2.63 4.79 2.83
18 .... 8.73 8.30 4.97 7.68 5.33
21 10.40 10.80 7.80 9.60 7.80
25 12.29 13.25 9.23 11.81 10.01
29 13.09 14.45 10.35 12.86 11.69
June 3 13.93 15.40 11.28 14.20 12.90
8 15.25 17.64 13.21 15.33 14.73
12 16.52 19.42 15.06 16.66 16.93
17 17.33 21.10 16.90 17.85 19.18
22 . 17.68 22.74 18.33 18.37 21.04
26 17.68 22.85 18.72 18.46 21.51
30 17.68 22.85 18.84 18.50 21.80
July 2 17.68 22.85 18.84 18.50 21.85
5 . . 17.68 22.85 18.84 18.50 21.85
8 17.68 22.85 18.84 18.50 21.85
16 17.68 22.85 18.84 18.50 21.85
initial elongation, similar to that of the Swedish source, and then con-
tinuing later into the summer, similar to that of the French trees, but
with an earlier completion date for total growth. It is interesting to note
that this source, the Austrian, with rapid initial and later summer growth,
is the one displaying greatest total elongation of nearly one-third more
than that on Swedish trees. The Swiss source trees showed a pattern
similar to that of the Swedish ones with fast initial growth and slo\\dng
down fairly early, but they appeared to continue growing slowly for
about two weeks or so longer than the Swedish source trees. This latter
factor probably accounts for the better results from later summer prun-
ings on Swiss as compared with Swedish trees. The Scottish source used
showed still another variation, with slow initial growth, similar to the
French source, but slowed down early and continued slow growth similar
to that described for the Swiss trees.
SUMMARY
The importance of Scotcli pine as a Christmas tree has been increas-
ing steadily and at present more Scotch pines are sold for tliis purpose
than trees of any other species. Tlie natural range of Scotch pine occupies
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a large geographic area in Europe and Asia and there is a great deal of
variation in characteristics of the species including growth rates, length
of the growing season, foliage characteristics, and others. A number of
studies have shown that results of pruning of Scotch pine may vary con-
siderably depending upon the time of year when the shearing is carried
out. The study reported here was initiated in order to determine if dif-
ferences could be detected in results from pruning of different geo-
graphic origins of Scotch pine at various times during the summer.
Trees from five origins (Sweden, Austria, Scotland, Switzerland, and
France) were pruned bi-monthly during the summers of 1961 and 1962,
beginning in early-June and continuing until early-September. In general
it was found that results of pruning showed distinct differences which
were dependent not only upon the time when shearing was conducted,
but also upon the seed source being sheared and the year in which prun-
ing was carried out. Patterns of effective limb development and shoot
elongation were developed for the different seed sources which appeared
to be well correlated with latitude, or possibly climate, of origin.
Prunings of southern sources, such as those from France and Scot-
land, and possibly Switzerland, made during mid- to late-summer gener-
ally gave better results when compared to control trees than did com-
parably timed prunings made on the more northerly Austrian and Swed-
ish source trees. Although exact results varied from year to year, the
southern sources usually showed an increase in numbers of limbs or
shoot growth after early- to mid-June or early-July prunings, with de-
creasing numbers or growth on trees pruned later. On northern sources
results were generally best after early- to mid-June shearings, with de-
creasing numbers or growth on trees pruned later in the summer.
Exact patterns for effective limbs and terminal shoot growth were
found to be similar, except that maximum shoot growth was usually
found on trees pruned approximately two weeks earlier in the year than
those on which maximum numbers of limbs were found.
Variations between years were found which were associated with
prevailing weather conditions, particularly those during the early part of
the growing season (early April to mid- or late-May). A particularly
cold spring, such as that which occurred in 1961, resulted in a shift of
maximum shoot development to a period somewhat later in the summer.
It might also be speculated that an unusually warm spring might give a
similar shift in optimum results to a time somewhat earlier in the year, a
conclusion that is in keeping with results from an earlier study by Brown
(1964) on Scotch pine of an unknown seed source.
Results of pruning of different sources were found to be correlated
with the length of the height growth period of the Scotch pine sources
23
used. Periodic shoot growth measurements made during the summer of
1963 revealed that French source trees did not complete terminal elon-
gation until at least ten days after those of the Swedish source, and that
trees of the other three sources had dates for completion of shoot growth
which were intermediate between the French and Swedish source trees.
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APPENDIX TABLE 1
Analyses of variance for numbers of effective limbs and terminal
shoot growth on pruned stems of Scotch Pine
Effective Limbs^ Terminal Shoot Growth
Source of Degrees of Mean Value of Mean Value of
Variation Freedom Square "F" Square "F"
Replications (R) 4 0.1950 . . 6.9280
Time of Pruning
During Summer (T) . . 7 15.2400 270.21" 1842.2800 409.58 "
Error a (RxT) 28 0.0564 . 4.498
Seed Source (S) 4 0.3550 5.6r« 41.3720 9.996»»
Seed Source x Time
(SxT) 28 0.1930 3.05" 14.7290 3.559**
Error b
(RxS + RxSxT) 128 0.0633 4.139
Year of Pruning (Y) . . . . 1 5.9000 97.36" 233.020 49.589"
Year x Time (YxT) .... 7 0.626 10.33" 38.176 8.124"
Error c
(RxY -1- RxYxT) 32 0.0606 . . 4.699
Year x Source (YxS) ... 4 0.0525 1.17 28.088 8.101"
Year x Source x Time
(YxSxT) 28 0.746 1.67* 7.765 2.240**
Error d
(RxYxS + RxYxSxT) ... 128 0.0448 . . 3.467
Total 399
^Enumeration data for effective limbs transposed by VX + 1 before analysis.
"Denotes statistical difference at 5 per cent level.
"'Denotes statistical difference at 1 per cent level.
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